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FOREWORD 


This Indian Standard was adopted by Bureau of Indian Standards after the draft was finalized by the Anaesthetic, 
Resuscitator and Allied Equipment Sectional Committee and approval of the Medical Equipment and Hospital 
Planning Division Council. 


This Indian Standard specifies requirements for operator powered resuscitators where ventilation pressure is 
generated mechanically by the operator through compression of a pedal using their foot (hereafter referred to as 
pedal operated resuscitators) and which are portable and intended to provide when breathing is inadequate. 


The technical committee has reviewed the provisions of the following International Standard referred in this 
Indian standard and has decided that it is acceptable for use in conjunction with this standard: 


International Title 
Standard/Other 
Publication 
EN 148-1 Respiratory protective devices — Threads for facepieces — Part 1: Standard thread 
connection 
EN 13544-2 Respiratory therapy equipment — Part 2: Specifications for tubing and connectors 
EN 556-1 Sterilization of medical devices — Requirements for medical devices to be designated 


“STERILE” — Part 1: Requirements for terminally sterilized medical devices 


ISO 20417 Medical devices — Information to be supplied by the manufacturer 


The composition of the Committee responsible for the formulation of this standard is given in Annex C. 


For the purpose of deciding whether a particular requirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance with 
IS 2 : 1960 ‘Rules for rounding off numerical values ( revised )’. The number of significant places retained in the 
rounded off value shall be the same as that of the specified value in this standard. 
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Indian Standard 


OPERATOR POWERED, PEDAL OPERATED 
RESUSCITATOR — SPECIFICATION 


1 SCOPE 


This Indian Standard specifies requirements for operator 
powered resuscitators where ventilation pressure 
is generated mechanically by the operator through 
compression of a pedal using their foot (hereafter 
referred to as pedal operated resuscitators) and which 
are portable and intended to provide when breathing is 
inadequate. Pedal operated resuscitators for infants and 
children are designated according to body mass range 
and approximate age equivalent. 


Electrically and gas-powered resuscitators are not 
covered by this Standard. 


2 REFERENCES 


The standards listed below contain provisions which, 
through reference in this text, constitute provision of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision, and parties to agreement based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated: 


IS No./Other 
Publications 


IS/ISO 5356-1 : 2015 


Title 


Anaesthetic and respiratory equipment — 
Conical connectors: Part 1 Cones 
and sockets (first revision) 


IS/ISO 9170-1 : 2008 Terminal units for medical gas pipeline 
systems: Part 1 Terminal units for use 
with compressed medical gases and 


vacuum 


IS/ISO 10651-4: 2002 Lung ventilators for medical use — 
Particular requirements — for basic 
safety and essential performance: 
Part 4 Particular requirements for 


operator-powered resuscitators 


IS/ISO 11607-1:2019 Packaging for terminally  sterilized 
medical devices: Part 1 Requirements 
for materials, sterile barrier systems and 


packaging systems (first revision) 


IS/ISO 15223-1 : 2016 Medical devices — Symbols to be used 
with medical device labels, labelling 
and information to be supplied: Part 1 


General requirements (second revision) 


3 TERMS AND DEFINITIONS 


For the purposes of this part of Indian Standard, the 
following terms and definitions apply. 


NOTE — Some of the definitions have been taken from 
ISO 10651-4 : 2002 but they are included in this Indian 
Standard for convenience; other definitions, which are given 
in ISO 10651-4 : 2002 for apparatus in general, have been 
modified slightly for the purposes of this Indian Standard as 
they apply specifically to pedal operated resuscitators. 


3.1 Resuscitator — Portable device used in emergency 
situations to provide lung ventilation to individuals 
whose breathing is inadequate. 


3.2 Reverse Leakage — Volume of expired gas which 
does not pass through the expiratory port but returns to 
the resuscitator. 


3.3 Bag Inlet Valve — Valve activated by the sub 
atmospheric pressure in the compressible unit of the 
resuscitator to refill the compressible unit with gas at 
ambient pressure. 


3.4 Bag Refill Valve — Valve, with no manual 
trigger, activated by the sub-atmospheric pressure in 
the compressible unit of the resuscitator to refill the 
compressible unit from a pressurized gas source. 


3.5 Compressible Unit — That part of an 
operator-powered resuscitator for example, a bag or 
bellows that, when compressed by the operator, delivers 
a volume of gas. 


3.6 Delivered Oxygen Concentration — Average 
concentration of oxygen in the gas delivered from the 
resuscitator. 


3.7 Delivered Volume, V,, Volume of gas, 
expressed in millilitres, leaving the resuscitator through 
the patient connection port during the inspiratory phase. 


3.8 Forward Leakage — Volume of gas produced 
by the resuscitator during the inspiratory phase which 
does not pass through the patient port to the patient but 
passes to the atmosphere. 


3.9 Minute Volume, V — Volume of gas per minute 
entering or leaving the patient's lungs. 


3.10 Operator-powered Resuscitator — 
Resuscitation device in which ventilation of the 
lungs is produced by the operator compressing the 
compressible unit of the device. 


NOTE — Hereinafter called *resuscitator". 
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3.11 Patient Connection Port — That opening through 
which gas flows to and from the patient. 


3.12 Patient Connection Port Connector— Connector 
at the patient connection port which connects directly 
to a face mask or an appropriate mating airway device. 


3.13 Patient Valve — Valve in the breathing system 
that directs gas into the lungs for the inspiratory phase 
and into the atmosphere during the expiratory phase. 


3.14 Pressure Limiting System — Means for limiting 
the maximum delivery pressure. 


3.15 Resuscitator Deadspace, V, app — That volume 
of previously exhaled gas which is delivered from the 
resuscitator in the succeeding inspiratory phase. 


3.16 Tidal volume, V, — Volume of gas, expressed in 
millilitres, entering or leaving the patient or the lung 
model during the inspiratory or expiratory phase. 


3.17 Ventilatory Cycle — Ventilation cycle comprising 
the inspiratory phase plus the expiratory phase of 
breathing. 


4 CONNECTORS 


4.1 Patient Connection Port Connector 


The patient connection port connector ofthe resuscitator 
shall be a 15 mm female and 22 mm male coaxial 
connector complying with IS/ISO 5356-1. 


4.2 Expiratory Port Connector for Breathing Gases 


If an expiratory port connector is provided, it shall be 
one of the following: 


a) a 30 mm male conical connector complying with 
IS/ISO 5356-1 or; and 


b)a permanent connection or proprietary 
connector incompatible with IS/ISO 5356-1 and 
IS/ISO 9170-1; and with a means to prevent 
connection with internal lumen to any breathing 
attachment (see Annex B). 


4.3 Face Mask Connectors 


If provided with the resuscitator, face masks shall have 
either a 22 mm female connector or a 15 mm male 
connector which shall mate with the corresponding 
connectors. 


4.4 Bag Refill Valve Connectors 


If a conical connector is provided for attachment of 
a bag refill valve, it shall be a unique 32 mm female 
design. The dimensions of this connector, when 
submitted to the test gauge given in Figure 1, shall fit 
within the tolerance steps (see Annex B). 


4.5 Bag Inlet Valve Connectors 


Bag inlet valve connectors shall not be compatible 
with connectors dimensioned in accordance with 
IS/ISO 5356-1. The bag inlet valve should be designed 
to minimize the risk of unintentional connection of 
breathing attachments which might block the valve. 


4.6 Threaded Gas Filter Connectors 


If the resuscitator is fitted with a threaded gas filter 
connection, it shall comply with EN 148-1. 


4.7 Oxygen Tube Connector and Pressure Gauge 
Connector 


The oxygen tube connector, if provided, shall comply 
with EN 13544-2. The pressure gauge connector 
(if provided) shall not be compatible with tubing fitting 
the oxygen tube connector. 


5 OPERATIONAL REQUIREMENTS 


5.1 General 


All test performance requirements in this Standard 
shall be satisfied when the resuscitator is operated by 
one person. 


5.2 Dismantling and Reassembly 


A resuscitator intended to be dismantled by the user, 
for example, cleaning, etc should be designed so as 
to minimize the risk of incorrect reassembly when all 
parts are mated. The manufacturer shall recommend 
a functional test of operation to be carried out after 
reassembly. Manufacturer shall describe along with 
pictures, steps of disassembly and re-assembly to aid 
correct re-assembly (see Annex B). 


5.3 Patient Valve Function after Contamination 
with Vomitus 


After the resuscitator has been tested in accordance 

with the test described in Annex A-4.3, it shall meet 

the requirements specified in 6.2, 6.4, 6.7.1 and 6.7.2. 
NOTE — It is preferable that the valve housing be constructed 
so that operation of the mechanism can be observed by the 
operator, e.g. through a transparent housing. Observation of 
the functioning mechanism of the patient valve can assist the 
operator in detecting abnormal operation. 


5.4 Mechanical Shock 
5.4.1 Drop Test 


The resuscitator shall not be used for transport and if 
used for transport, the drop test shall be carried out. 
The resuscitator shall meet, at room temperature, the 
requirements specified in 6.2, 6.4 and 6.7.1, following 
the drop test described in Annex A-4.4. 


5.5 Immersion in Water 


After immersion in water by the method described in 
Annex A-4.5, the resuscitator shall comply with the 
requirements specified in 6.2, 6.4, 6.7.1 and 6.7.2. 
Part of equipment to be kept on the floor during the 
operation need to undergo immersion water test. 


5.6 Bag Refill Valves 


Bag refill valves for use with resuscitators shall not 
have provision for manual operation (see Annex B). 


5.7 Materials of Construction 


All gas conducting parts shall be from materials 
selected to take into account the chemical and physical 
properties of any substances that the manufacturer 
declares can be administered by the resuscitator. 


6 VENTILATORY REQUIREMENTS 


6.1 Supplementary Oxygen and Delivered Oxygen 
Concentration 


When tested by the method described in Annex A-4.6 
in accordance with the requirements of its classification 
(see 6.7.1) a resuscitator shall provide a minimum 
delivered oxygen concentration of at least 35 percent 
(V/V) when connected to an oxygen source supplying 
not more than 15 l/min and, in addition, shall be 
capable of providing an oxygen concentration of at 
least 85 percent (V/V) (refer note). The manufacturer 
shall state the range of delivered oxygen concentrations 
at representative flows, that is, 2 l/min, 4 l/min, 6 l/min, 
8 l/min, etc. 

NOTE — The 85 percent (V/V) requirement can be 

accomplished with the use of an attachment. 


6.2 Expiratory Resistance 


In the absence of positive end-expiratory pressure 
devices, and when tested by the method described in 
Annex A-4.7, the pressure generated at the patient 
connection port shall not exceed 5 cm HLO at 5 l/min 
[refer also 10.2 (c) (8)]. 


6.3 Inspiratory Resistance 


When tested by the method described in Annex A-4.8, 
the pressure at the patient connection port shall not 
exceed 5 cm HO at 5 l/min below atmospheric pressure 
[see also 10.2 (c) (8)]. 
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6.4 Patient Valve Malfunction 


When tested by the method described in Annex A-4.9, 
an inadvertent positive expiratory pressure greater than 
0.6 kPa (6 cm H,O) shall not be created at an added 
input flow of up to 30 l/min when this flow is added in 
accordance with the manufacturer's instructions. 


6.5 Patient Valve Leakage - Forward Leakage 


If forward leakage is a design feature, it shall be so stated 
in the instruction manual (see Annex B). 


6.6 Resuscitator Dead Space and Rebreathing 


When tested by the method described in 
Annex A-4.10, the resuscitator dead space shall not 
exceed 5 ml + 10 percent of the minimal delivered 
volume specified for the classification of the resuscitator 
(refer 6.7.1). 


Excessive  rebreathing 
spontaneous breathing. 


should not occur during 


6.7 Ventilation Performance 


6.7.1 Minimum Delivered Volume (V) 


When tested as described in Annex A-4.11 using the 
compliance, resistance, frequency and I : E ratio given 
in Table 1, the minimum delivered volume shall be as 
given in Table 1. 


6.7.2 Pressure Limitation 


6.7.2.1 For resuscitators designated for use with a body 
mass less than 10 kg, a pressure-limiting system shall 
be provided so that the airway pressure does not exceed 
4.5 kPa (~ 45 cm H,O) under the test conditions 
described in Annex A-4.12. However, it shall be 
possible to generate an airway pressure of at least 3 kPa 
(30 cm H,O). 


NOTE — An override mechanism can be provided. 


6.7.2.2 If a pressure-limiting system is provided for a 
resuscitator designated for use with patients of over 
10 kg body mass, the pressure at which it operates 
shall be stated in the instruction manual [refer 10.2 (c) 
(9)]. Any pressure-limiting device provided that limits 
pressure to below 6 kPa (60 cm H,O) shall be equipped 
with an override mechanism. If provided with a locking 
mechanism, pressure override mechanisms shall be so 
designed that the operating mode, that is, on or off, is 
readily apparent to the user by obvious control position, 
flag, etc. 


Compliance is tested by visual inspection. 
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Table 1 Test Conditions for Ventilatory Performance 
( Clause 6.7.1 ) 


Patient Body Compliance Resistance Inspiration: Frequency f Minimum Delivered 
Weight B* Expiration Ratio Breaths/min Volume V, 
kg l/kPa kPa/(l/s) + 20 percent + 10 percent ml 
B<5 0.01 40 1:1 60 20 
5<B<10 0.1 2 1:2 25 150 
10<B<40 0.2 2 1:2 20 15xB 
B>40 0.2 2 1:2 20 600 


d B = Body weight, in kilograms, designated by the manufacturer in the manual. 


7 STORAGE AND OPERATING CONDITIONS 


7.1 Storage 


The resuscitator and the resuscitator kit (1f provided) 
shall, after storage at temperatures of —40 °C and 
+60 °C and at any relative humidity between 40 percent 
and 95 percent, comply with 6 except 6.6 (dead space). 


7.2 Operating Conditions 


When tested by the method described in 
Annex A-4.13, the resuscitator shall comply with 
6 throughout the range of relative humidity from 
15 percent to 95 percent either: 


a) throughout the temperature range from —18 °C to 
#50: Cor 

b) if a specific operating range is given (see 9.2 and 
10) throughout the temperature range declared by 
the manufacturer. 


8 REQUIREMENTS FOR RESUSCITATOR, 
OR PARTS, SUPPLIED STERILE 


8.1 Sterility Assurance 


Resuscitators or parts supplied and marked as 
“STERILE” shall satisfy the requirements of clause 
4.1 of EN 556-1 for the assurance of sterility needed to 
make the claim of being sterile. 


8.2 Packaging for Resuscitators or Parts Supplied 
Sterile 


The packaging shall serve as an effective barrier to the 
penetration of micro-organisms and particulate material 
in accordance with IS/ISO 11607-1. 


The packaging shall not be capable of re-closure 
without clearly revealing that it has been opened. 


9 MARKING 


9.1 General 


Marking of resuscitators, or parts if applicable, 
packages, inserts and information to be supplied by the 
manufacturer shall comply with ISO 20417. 


NOTE — Some requirements of 9 can be met by the use of 
appropriate symbols as given in IS/ISO 15223-1. 


9.2 Indication of Operating Conditions 


If the resuscitator cannot function as specified in 
7.2 between —18 °C and + 50 °C, a warning shall be 
marked on the device. 


NOTE — Examples of warnings are: 


“only for use between .... °C and .... °C ; or a symbol as 


shown in Fig. 1. 
NU 


-10* 


Fic. 1 EXAMPLE OF SYMBOL FOR SHOWING OPERATION 
CONDITION BETWEEN — 10 °C AND + 50 °C 


9.3 Indication of Pressure-limiting System Setting 


If the resuscitator is supplied with a pressure-limiting 
system set at one fixed pressure, the nominal pressure 
setting at which the system is activated shall be marked 
on the resuscitator. 


10 INFORMATION TO BE PROVIDED BY 
THE MANUFACTURER IN OPERATING AND 
MAINTENANCE INSTRUCTIONS 


10.1 General 


The manufacturer shall provide instructions for use and 
maintenance. The size and shape of these instructions 
for use should be such that they can be enclosed with or 
attached to the resuscitator container. 


10.2 Contents 


In addition of ISO 20417 the instructions for use and 
maintenance shall include the following information, 
where applicable: 


a) 
b) 


c) 


a warning to the effect that incorrect operation of 
the resuscitator can be hazardous; 


instructions on how to make the resuscitator 
operational in all intended modes of operation; 


a specification detailing the following information 
for the resuscitator and its recommended 
accessories if applicable: 


1) the body mass range for which the resuscitator 
1s suitable for use; 


2) operating environmental limits; 

3) storage environmental limits; 

4) any substances, other than air, which can be 
administered by the resuscitator (for example, 
oxygen, volatile anaesthetic agents); 

5) delivered oxygen concentrations under various 
test conditions; 

6) delivered volume range; 

7) resuscitator deadspace, backward leakage and 
forward leakage; 

8) expiratory resistance and inspiratory 
resistance, and the resistance imposed by any; 

9) Recommended accessory; 

10) the end-expiratory pressure generated by the 
resuscitator in normal use, if greater than 
0.2 kPa (= 2 cm H,O); 

11) details of the pressure-limiting system and 
override mechanism operation, if any; 

12) accuracy of controls or indicating devices, if 
any, supplied with the resuscitator; 


13) external dimensions of the resuscitator and, if 
provided, the resuscitator case; 
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14) mass of the resuscitator and, if provided, the 
resuscitator case; 


d) instructions for the dismantling and reassembly 
of components for cleaning (including cleaning 
of any vomitus) and sterilization (if applicable), 
and details of a functional test of operation to be 
carried out after reassembly; 

NOTE — These instructions can be given, if possible, with a 
schematic also. 

e) recommended methods of cleaning and 
disinfection or sterilization of the resuscitator, its 
components and its accessories if applicable; 


f) functional test for operation to be carried out prior 
to use; 


g) list of operator-replaceable parts; 
h) maintenance requirements; 


j) guidance regarding use in hazardous or explosive 
atmospheres, including a warning that if the 
resuscitator will entrain or permit the patient 
to inhale gas from the atmosphere, its use in 
contaminated environments can be hazardous 
unless entrainment is prevented. If applicable, a 
description of how to prevent such entrainment or 
inhalation, for example, by the use of a filter; 


k) warnings that in the presence of high oxygen 
concentrations there is danger from smoking or 
naked flames and that oil or grease should not be 
used with the resuscitator; and 


m) for sterile resuscitators or parts, the method of 
sterilization used. 


11 BIS CERTIFICATION MARKING 


The product(s) conforming to the requirements of 
this standard may be certified as per the conformity 
assessment schemes under the provisions of the 
Bureau of Indian Standards Act, 2016 and the Rules 
and Regulations framed thereunder, and the product(s) 
may be marked with the Standard Mark. 
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ANNEX A 
( Normative ) 
( Clauses 5.3, 5.4.1, 5.5, 6.1, 6.2, 6.3, 6.4, 6.6, 6.7.1, 6.7.2.1 and 7.2 ) 
TEST METHODS 


A-1 GENERAL TEST CONDITIONS 


The ambient temperature for the duration of the tests 
shall be between 20 °C and 25 °C, except where 
otherwise stated. The relative humidity shall be within 
the range from 45 percent to 75 percent, except where 
otherwise stated. 


A-2 APPARATUS 


A-2.1 General 


Typical test apparatus is shown in Fig. | to 4; alternative 
test apparatus of equivalent or greater accuracy may be 
used. 


A-2.2 Test Lung (see Fig. 3 and 4 for examples), with 
appropriate compliance and resistance characteristics 
(see Tables 2 and 3). 


A-2.3 Resistors, if not provided with the test lung. 


A-2.4 Apparatus for the Measurement and the 
Recording of Pressure, Flow and Volume 


A-2.5 Apparatus 
Temperatures 


for the Measurement of 


A-2.6 Apparatus for the Measurement of Deadspaces 
(see Fig. 2 for typical example). 


A-2.7 Graduated Cylinder, of at least 200 ml capacity. 
A-2.8 Oxygen Analyzer 


A-2.9 Water Reservoir, sufficiently large to permit 
complete immersion of the resuscitator. 


A-2.10 Environmental Chamber, capable of 
maintaining temperatures from —40 °C + 1 °C to 
+ 70°C + 1 °C and relative humidity from 15 percent to 
95 percent for periods of up to 7 days. 


A-3 CONDITIONING AND REFERENCE 
CONDITIONS 


A-3.1 Conditioning of Resuscitator and Test 
Apparatus 


Unless otherwise specified in particular tests, place the 
resuscitator and test apparatus in the test location and 
allow sufficient time for the resuscitator and apparatus 
to reach equilibrium with ambient conditions. 


A-3.2 Reference Conditions 


Correct all test readings to the reference conditions 
of Normal Temperature and Pressure, Dry (NTPD) 
(20 ?C, 1 atm), 0 percent relative humidity. 


A-4 TEST PROCEDURES 


A-4.1 Bag Refill Valve Connectors 


Using a 32 mm male gauge (see Fig. 1), measure the 
internal diameter of the connector. 


A-4.2 Dismantling and Reassembly 


Verify by inspection of the  resuscitator and 
accompanying documents that a functional test has 
been provided to test operation after reassembly. 


A-4.3 Valve Function after Contamination with 
Vomitus 


A-4.3.1 Test Material 


Prepare the simulated vomitus by dissolving 10 g of 
food grade xanthan gum in 1 litre of water and adding 
100 g of 1 mm diameter glass beads having a specific 
gravity of approximately 2.55. 


NOTE — 0.1 percent (mass fraction) benzoic acid may be 
added as a preservative. 


A-4.3.2 Procedure 


Warm the simulated vomitus to (37 + 3) °C and pour 
175 ml into the patient connection port. Then cycle the 
resuscitator at a rate of 30 breaths/min for resuscitators 
suitable for use with patients of a body mass up to 
10 kg, orata rate of 12 breaths/min for all other models. 
Perform this test with the resuscitator connected to 
the test lung (Annex A-2.2). Continue to cycle the 
resuscitator for 30 s. Clear the resuscitator of the 
mixture according to the manufacturer's instructions 
and verify the resuscitator's performance. 


NOTE — Some of the test solution can spill over when poured 
into the patient connection port. 


A-4.4 Drop Test 


Stabilize the resuscitator at the minimum functioning 
temperature recommended by the manufacturer. 


Drop the resuscitator from a height of 1 m onto a 
concrete floor in the worst case orientation. For the 
purpose of this test, the resuscitator shall be a complete 
unit, but without the face mask and attached accessories. 


Repeat the test 6 times. 


A-4.5 Immersion in Water 


Arrange the resuscitator in its ready-for-use condition 
and drop it from a height of 1 m into the water reservoir 
(Annex A-2.9). Take the resuscitator out after 10 s 
and remove the water by shaking and/or squeezing 
for not more than 20 s. Begin ventilating the test lung 
(Annex A-2.2) immediately. 


A-4.6 Supplementary Oxygen and Delivered Oxygen 
Concentration 


Connect the resuscitator to the test lung (Annex A-2.2) 
set at C 20 and R 20 characteristics (see Tables 2 
and 3). Connect an oxygen analyzer (Annex A-2.8) at a 
site in the compliance chamber as far away as possible 
from the patient connection port. Ventilate the test lung 
at a frequency of 12 breaths/min and a tidal volume of 
maximum tidal volume or 600 ml, whichever is lesser. 
Introduce input oxygen flows of no more than 15 l/min. 
Continue this procedure until a stable value for oxygen 
concentration is achieved. 


A-4.7 Expiratory Resistance 


For resuscitators suitable for use with patients with 
a body mass of up to 10 kg, connect the patient 
connection port to an air source and introduce air at a 
flow of 5 l/min. Record the pressure generated at the 
patient connection port. 


For all other resuscitators, connect the patient 
connection port to the air source and introduce air at a 
flow of 50 l/min. Record the pressure generated at the 
patient connection port. 


A-4.8 Inspiratory Resistance 


For resuscitators suitable for use with patients with 
a body mass of up to 10 kg, connect the patient 
connection port to a vacuum source producing an air 
flow of 5 l/min. Record the pressure generated at the 
patient connection port. 


For all other resuscitators, connect the patient 
connection port to a vacuum source producing an air 
flow of 50 l/min. Record the pressure generated at the 
patient connection port. 


A-4.9 Patient Valve Malfunction 


Connect the resuscitator to the test lung (Annex A-2.2) 
set at C 20 and R 20 characteristics (see Tables 2 
and 3). Ventilate the test lung at a frequency of 
12 breaths/min and a tidal volume of maximum tidal 
volume or 600 ml, whichever is lesser. Add air or 
oxygen, as recommended by the manufacturer, at a rate 
of 30 l/min. 


Verify that a positive end expiratory pressure does not 
exceed 0.6 kPa (= 6 cm H,O). 


A-4.10 Resuscitator Deadspace 
A-4.10.1 Principle 


Ventilation by the resuscitator of a “bag-in-bottle” 
reservoir with 100 percent (V/V) oxygen as tracer gas. 
Calculation of the total deadspace of the resuscitator 
from the volume of ventilation and the oxygen 
concentration of the inspired gas captured inside the 
bag. 


IS 17587 : 2021 


A-4.10.2 Preparation of Test Apparatus Prior to 
Testing Resuscitator 


Set up the deadspace measurement apparatus 
(Annex A-2.6; see Fig. 2). Close the tap to the oxygen 
analyzer (Annex A-2.8). Open the ball valve. Connect 
the resuscitator and ventilate until the balloon fills the 
container completely and is pressed against the inner 
walls. Close the ball valve. Open the oxygen analyzer 
tap. Open the flowmeter and fill the container with 
100 percent (V/V) oxygen. Close the oxygen flowmeter 
when the pressure gauge reads approximately 1 kPa 
(10 cm H,O) and close the oxygen analyzer tap. 


Connect the 22 mm/15 mm test connector to the 
22 mm female socket and supply the appropriate flow 
of atmospheric air to the side nipple (see Table 4). 


Open the ball valve, whereby the expiratory flowpath is 
flushed with 100 percent (V/V) oxygen. 


Ventilate the lung by covering and opening the 10 mm 
diameter hole with a finger. Hold the tidal volume 
constant by means of the respirometer and pressure 
gauge. The number of ventilating cycles is given in 
Table A-3. 


Close the ball valve and open the analyzer tap. Adjust 
the 100 percent (V/V) oxygen flow to approximately 
5 |/min. Record the reading for the oxygen concentration 
in the bag, F o» of the oxygen analyzer. Close off the 
oxygen flow when the pressure gauge reads 1 kPa 
(10 cm H,O) again. 


Determine the internal deadspace of the test apparatus 
for every combination of test parameters used. 


The test apparatus is now ready for testing the 
resuscitator. 

A-4.10.3 Procedure 

Test the resuscitator using the same procedure as 
described for the test connector (see Annex A-4.10.2). 
A-4.10.4 Expression of Results 


Calculate the system dead space (that is, with test 
connector) using the following equation: 


E test connection )- 21 
Vi system = po ( ) x Vi 


79 


Diem — system deadspace; 


F = 


ag oxygen concentration (in the bag). 


NOTE — The apparatus should be so designed that 
V p System = 20 ml or less. 


Calculate the apparatus dead space of the resuscitator 
being tested using the following equation: 


Fin - 21 
— bo? x V, — Vy 


D? app = 79 


V 


system 
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A-4.11 Tidal Volume 


Connect the resuscitator to the appropriate test 
lung (Annex A-2.2; see Fig. 3 and 4) having the 
characteristics stated in Tables 2 and 3. Measure the 
volume (Annex A-2.4). Perform these tests without the 
use of an override mechanism if one is provided. 


NOTE — In the absence of leaks (which is the case in the 
testing conditions) V ,, has the same value as the simulated V... 


A-4.12 Pressure Limitation 


For resuscitator classified for use with patients up to 
10 kg body mass, occlude the patient connection port 
and, using the compressed air source, pass air at a 
flow of 15 l/min through the pressure-limiting system. 
Record the pressure at the patient connection port. 


A-4.13 Operating Conditions 
A-4.13.1 General 


Following completion of each phase of the test, operate 
the resuscitator under the conditions described in the 
general requirements in Annex A-1 and also under 
the specific conditions for the category of resuscitator 
being tested. 


If the manufacturer declares an operating temperature 
range narrower than —18 °C to + 50 °C, the 
declared temperature(s) shall be substituted in tests 
Annex A-4.13.2.1 and Annex A-4.13.2.4. 


NOTE — These tests can be performed in any order and on 
different samples. 


A-4.13.2 Procedure 


NOTE — In each ofthe operational tests given, the resuscitator 
should be operated continuously (12 breaths/min) for a period 
of at least 10 min. 


A-4.13.2.1 Prepare the resuscitator in accordance 
with Annex A-4.13.1. Place the resuscitator system 
in the environmental chamber (Annex A-2.10) set 
at either 50 °C or at the lower temperature stated by 
the manufacturer (see Annex A-4.13.1) and at least 
95 percent relative humidity. Maintain these 
conditions for no fewer than 7 days. At the end of 
this period, operate and test the resuscitator at this 
temperature. 


A-4.13.2.2 Place the resuscitator in the environmental 
chamber set at —40 ?C for a period of at least 6 h. 


At the end of this period, place the resuscitator in an 
ambient temperature between 20 °C and 25 °C at a 
relative humidity between 45 percent and 75 percent. 
Allow the resuscitator to stabilize for at least 4 h. At 
the end of this period, operate and test the resuscitator. 


A-4.13.2.3 Place the resuscitator in the environmental 
chamber at 60 °C and at a relative humidity of 
between 40 percent and 70 percent for a period of not 
less than 4 h. 


At the end of this period, place the resuscitator, in 
ambient conditions of 20 °C to 25 °C at a relative 
humidity between 45 percent and 75 percent. Allow 
the resuscitator to stabilize for 4 h. At the end of this 
period, operate and test the resuscitator. 


A-4.13.2.4 Place the resuscitator in the environmental 
chamber set at either — 18 ?C or the higher temperature 
stated by the manufacturer (see Annex A-4.13.1) for 
4 h. At the end of this period, operate and test the 
resuscitator at this temperature. 


Table 2 Required Compliances to Set up Test Lung 
( Clause A-2.2, A-4.6, A-4.9, A-4.11 ) 


Compliance C 


l/kPa equivalent in ml/cm H,O 
C 50° 0.5 50 
C20 0.2 20 
C10 0.1 10 
Cl 0.01 1 
“Not directly specified. 


Table 3 Required Resistances to Set up Test Lung 
( Clauses A-2.2, A-4.6, A-4.9 and A-4.11 ) 


Resistance R Range of air 


A flow? 
kPa/(I/s) equivalent in cm H,O/(l/s) l/s 
R5 0.5 5 0to2 
R 20 2 20 0.5 to 1 
R 50° 5 50 0.25 to 0.5 
R 400 40 400 0.05 to 0.075 


a The tolerances for the low range values are + 20 percent for 
linear resistances. 


b Not directly specified in test procedure. 


Table 4 Test Parameters for Determination of Resuscitator Deadspace 
( Clause A-4.10.2 ) 


Tidal Volume Compliance Expiratory Resistance Test Flow for Test 
Va C Rexp Internal Deadspace Cycles 
anaa 
ml VkPa equivalent in ml/cm H,O kPa/(l/s) equivalent in cm H,O/(I/s) l/min 
100 0.1 10 2 20 5 > 50 
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11 «0,005 


11 «40,005 


3 20,005 3 20,095 


1,5 +0,005 


1,5 +0,005 


9031,83 «0,005 


NOTE 1 Basic taper is 1:28 on diameter. 
NOTE 2 Engagement is 9.5 nominal. 


Fic. 2 32 MM RING AND PLUG GAUGES 
( Clause 4.4, A-2.1 ) 
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FIG. 3 A) TEST CONNECTOR FOR V TEST 


D, SYSTEM 


FIG. 3 B) TEST APPARATUS 


Key 

1 Oxygen analyzer 8 Flowmeter 

2 22 mm female socket 9 Transparent rigid container volume 25 1 to 30 1 

3 Tap 10 Latex balloon, approximately 10 1 (Passt 2 kPa) 
4 Resuscitator being tested for V , atest 11 Water for adjustment of compliance 

5 Ball valve 12 Adjustable needle valve 

6 Gauge for measuring tidal volume 13 One-way valve 

7 Pressure gauge 


Fic. 3 Test SET-UP FOR MEASURING RESUSCITATOR DEADSPACE 
( Clause A-2.1, A-2.6, A-4.1, A-4.10.2 ) 


10 
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Key 

1 Resuscitator 5 Model resistance (R 5 to R 400) 
2 Pressure tapping point 6 Thermometer 

3 Flowmeter 7 Copper wire 

4 Rigid tubing 8 Model compliance (C 1 to C 50) 


Fic. 4 REPRESENTATIVE PASSIVE TEST LUNG SYSTEM 
( Clause A-2.1, A-4.11 ) 


11 
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Key 

1 Spontaneous Breath Generator 5 Calibrated resistor 

2 Tidal volume reading 6  Resuscitator under test 

3 Compliance setting spring 7 Pressure tapping point (inlet pressure, p,) 

4 Bellows or expansible element 8 Pressure tapping point (alveolar pressure, p,) 


Fic. 5 EXAMPLE OF ACTIVE TEST LUNG SYSTEM 
( Clause A-2.1, A-4.11 ) 


12 
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ANNEX B 
( Informative ) 
RATIONALE 

(Clauses 4.2, 4.4, 5.2, 5.6 and 6.5 ) 


B-1 EXPIRATORY PORT FOR BREATHING 
GASES 


The exhaust connection described is that used for 
connection to the transfer tubes of anaesthetic gas 
scavenging systems. It is essential that breathing system 
conical connectors are not compatible with this port. 
It is also important that the exhaust port be designed 
such that it cannot be confused with the inspiratory port 
during use of the resuscitator. 


B-2 BAG REFILL VALVE CONNECTORS 


The size of this connector is chosen to prevent the 
accidental fitting of demand valves with manual 
controls. 


B-3 DISMANTLING AND REASSEMBLY 


Wrongly assembling a resuscitator so that it causes 
incorrect operation or complete malfunction is a serious 
hazard which can result in inadequate ventilation of the 
patient. 


B-4 PATIENT VALVE FUNCTION AFTER 
CONTAMINATION WITH VOMITUS 


Itis important that vomitus can be quickly and effectively 
cleared from a resuscitator so that resuscitation can be 
continued with a minimum of interruption. 


B-5 DROP TEST 


It is important that resuscitators can withstand severe 
shock caused by falls from ambulances, hospital beds, 
etc. 


B-6 IMMERSION IN WATER 


Resuscitators are often used in areas where the device 
might be inadvertently dropped into water during the 
resuscitation. If the unit is recovered quickly from the 
water, it should still function. 


B-7 BAG REFILL VALVES 


It is imperative that demand valves with manual 
controls are not accidentally substituted for bag refill 
valves. Such valves are capable of high gas flows that 
can cause resuscitator patient valves to jam. 


B-8 SUPPLEMENTARY OXYGEN AND 
DELIVERED OXYGEN CONCENTRATION 


Although 35 percent (V/V) oxygen concentration is 
adequate under some circumstances, 85 percent (V/V) 
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or higher oxygen concentrations are preferable for 
the treatment of severely hypoxaemic patients during 
resuscitation. This concentration should be achievable 
at supplementary oxygen flows of 15 l/min or less 
because to specify greater than 15 l/min would exceed 
the normal calibration of standard, clinically used 
flowmeters for adult use and could potentially lead to 
inaccurate control of oxygen flows and jamming of the 
patient valve in the inspiratory position. 


B-9 EXPIRATORY RESISTANCE 


To facilitate exhalation, expiratory resistance should be 
minimized unless there are special clinical indications 
to impose such resistance. 


B-10 INSPIRATORY RESISTANCE 


The design of a resuscitator should be such that it 
is possible for the patient to breathe spontaneously 
without excessive sub atmospheric pressure when the 
resuscitator is applied to the patient's airway but is not 
activated by the operator. 


B-11 PATIENT VALVE MALFUNCTION 


Valve malfunction or jamming in the inspiratory 
position at high supplementary oxygen flow can lead to 
failure of the resuscitator and transmission of excessive 
pressures to the patient. Resuscitators are commonly 
used at oxygen input flows of 15 l/min, but flowmeter 
valves can be capable of permitting flows of over 
30 l/min. It is essential to follow the manufacturer's 
instructions and to use only attachments recommended 
for use with the resuscitator. 


B-12 PATIENT VALVE LEAKAGE-FORWARD 
LEAKAGE 


If forward leakage is a design feature of a resuscitator, 
this should be disclosed so that the user does not 
confuse this leakage with a malfunction. 


B-13 APPARATUS DEADSPACE 


Itis essential to minimize apparatus dead space in order 
to limit rebreathing of expired gases. 


B-14 VENTILATION PERFORMANCE 


The sub-atmospheric pressure generated by a patient 
when first starting to breathe spontaneously may be 
very small. With some designs of patient valve, there is 
a potential risk that in this situation either or both of the 
inspiratory and expiratory components may not be fully 
competent and may thus permit rebreathing. 


IS 17587 : 2021 


B-15 DELIVERED VOLUME 


For adult ventilation a typical tidal volume is 
approximately 600 ml. The compliances and 
resistances listed in Table 1 are representative of the 
possible compliances and resistances found in adults 
and children needing resuscitation. The tidal volume 
requirements of 15 ml/kg are higher than normal and 
are commonly used during resuscitation to allow for 
mask leakage. The ventilatory are typical values used 
in paediatric and adult resuscitation. 


Experience shows that, due to leaks and changing 
compliance during resuscitation of neonates, given 
delivered volumes of the order of 20 ml to 30 ml are 
needed to achieve a tidal volume of 20 ml or less. 
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B-16 PRESSURE LIMITATION 


Experience with infant resuscitation suggests that a 
maximum inspiratory pressure of 4.5 kPa (45 cm H,O) 
will not produce lung damage and will permit adequate 
tidal volumes in most patients weighing under 10 kg. 


Resuscitators with pressure limiting systems 
which limits the airway pressure to less than 3 kPa 
(= 30 cm H,O) may not be able to deliver adequate 
volume to children with a body weight below 10 kg 
in case of high airway resistance and/or reduced lung 
compliance. 


B-17 OPERATING CONDITIONS 


Resuscitators can be expected to be exposed to the 
temperature extremes outlines in 7.2 since such 
temperatures frequently occur throughout the world in 
environments where resuscitators are used. 
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ANNEX C 
( Foreword ) 
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Organization 
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All India Institute of Medical Sciences, New Delhi 
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Becton and Dickinson India Limited, Gurugram 


Benson Medical Equipment India Pvt Ltd, 
New Delhi 


Central Drugs Standard Control Organization 
(CDSCO), New Delhi 


Directorate General of Armed Forces Medical 
Services, New Delhi 


Directorate General of Health Services, Delhi 
Draeger India Pvt Ltd, Mumbai 


Eastern Medikit Limited, Gurugram 

Employees State Insurance Corportaion, New Delhi 
Indian Institute of Technology, Kanpur 

Indian Society of Anaesthesiologists, Kakinada 


Jam Surgical Company Pvt Ltd, Chennai 

Kalam Institute of Health Technology (KIHT), 
Visakhapatnam 

Maulana Azad Medical College, New Delhi 

Ministry of Railways (Railway Board), New Delhi 

PES Installation (P) Ltd, New Delhi 

Philips India Ltd, Gurugram 

Rajiv Gandhi Cancer Institute and Research Centre, 


Delhi 


Shriram Institue for Inustrial Research, Delhi 


Representation(s) 
Dr RAJESH Soop (Chairman) 


Pror G. D. Puri (Vice Chairman) 
PROF NEERJA BHARDWAJ (Alternate) 


Dr LOKESH KASHYAP 
Dr GANGA PRASHAD (Alternate) 


SHRI AKHIL KOHLI 
SHRI RANAJIT BANDOPADHAYAY (Alternate) 


SHRI SUMIT SHARMA 
SHRI NEERAJ SHARMA (Alternate) 


SHRI SANDEEP NANDA 


Dr S. ESWARA REDDY 
Dr ASEEM SAHU (Alternate) 


COL AMIT SHARMA 


DR RAKESH KUMAR 


MR DINESH CHAUHAN 
MRK. V. RAMESH (Alternate) 


SHRI ANOOP MAMGAIN 
Dr MADHU GUPTA 
DR TARUN GUPTA 


DR HARSOOR 
SHRI K. VENKAT GIRI (Alternate) 


SHRI ASHOK BAJAJ 
SHRI BHARAT BHUSHAN (Alternate) 


DR JITENDAR SHARMA 

SHRI DILIP KUMAR CHEKURI (Alternate) 
DR U. C. VERMA 

Dr J. S. Daut (Alternate) 
DR SUSHIL KRISHANAN 

Dr A. K. SHARMA (Alternate) 
SHRI R. P. CHADHA 

SHRI SUNIL PANDAY (Alternate) 
SHRI SUDHAKAR MAIRPADI 

SHRI RAJENDRA PRASAD A. V. A. (Alternate) 
DR (CoL) Ajay KUMAR BHARGAV 

Dn Rasiv CHAWLA (Alternate) 


DR M. L. AGGARWAL 
DR AJEET AGRAWAL (Alternate) 
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Organization 
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Terumo Penpol Limited, Trivandrum 
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Wipro G E Healthcare Pvt Ltd, Bengaluru 
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SHRIMATI GEETHA S. S. 
SHRI DORAI SUBRAMANIAM (Alternate) 
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